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Easier to HeatTreat 
Easier to Machine 


Produced in the United States 

Have you ever stopped to consider 
that Molybdenum is the only 
“commercial steel alloying ele- 
ment” produced in the United 

take care of our growing domes- 
tic industries? 

In fact, the world's chief source of 
supply lies right in the town of 
Climax, Colorado. 

Thus is the American steel industry 
assured of a continuous supply 
under any conditions. 

The superior commercial properties 
of the Molybdenum Steels are 
completely set forth in our 
book, “Molybdenum Commercial 
Steels,” which will be sent upon 
application to 

Climax Molybdenum Co. 


The American Metal Co., Ltd. 

61 Broadway, New York 
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Engineering With Honor 

From the very start, the unvarying principle of The Glenn L. Martin 
Company has been that its Airplanes should be 

" Built the Best of the Best 99 

A factor of safety is maintained throughout, of seven times the ne- 
cessary strength. The superb twin motors represent the finest develop- 
ment of modern engineering. 

The records of flying and training show that from the time the Govern- 
ment bought its first airplane, until 1916, U. S. Army Officers spent 
more hours in the air in Martin Planes than in those of all other makes 
combined, without the record of a single fatality. 

Forward looking executives are invited to interest themselves in com- 
mercial dividends which can be earned by Martin Airplanes. 


„THE GLENN L. MARTIN COMPANY t 

CLEVELAND. OHIO 

Contractors to the U. S. Army, Navy and Post Office Department 
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E FFICIENT and continuous propeller performance can be obtained 
only through the careful corelation of a proper design with work- 
manship and material of highest quality. A well designed propeller 
manufactured in a shoddy manner is a most dangerous deception 
which may at any time require as its penalty the life of the occupants 
in the plane that it drives. 

It is the honest desire of the Hartzell Walnut Propeller Company to 
put honor behind every operation on a Hartzell WALNUT Propeller. 


If a defect develops m a blade manufactured by our Company which 
can be traced to any fault of manufacture, we will gladly replace the 
blade with a perfect one. 


We are equipped with efficient up-to-date machinery and we are able 
to build propellers carefully and accurately. Our aim is properly to 
corelate engineering and manufacture and to approach as closely to 
perfection as natural laws will permit. 


Hartzell Walnut Propeller Company 

PIQUA, OHIO, U. S. A. 
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T 'die LANDING GEAR andTABD 

SKID, shown above, attached to an 
?glE'/?0MdLC , INE' 30 23 "HYDRO, a number 
ofvhich the Navy are offering for sale at 
$3000— each, make a fast flying. slo xa 
landing, reliable aeroplane procurable at a 
\ery low cost; an excellent machine for 
passenger carrying. This Landing Gear & 
i Tail Skid complete is being furnished by the 
Aeromarlne Plane and Motor Company, - ■ j 

Keyport, NJ.,for $33029 F.O.B. Factory Promp 
deliveries can be made on a few sets of this _ 
equipment. 
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C ONSTRUCTORS and designers very often blame the 
wind tunnel for giving them results which are not in 
accordance with their tests. In their eyes, the wind 
tunnel is totally discredited thereby. It is however 
qnite possible that the fault lies not in the wind tunnel, but 
in the model presented. This is because there is a general 
tendency among model makers to underestimate the accuracy 
of construction required in such models. In most pattern 
making, an error of 1-100 of an inch is of small importance. 
But an aerofoil with this error is useless for testing purposes. 

A recent National Advisory report emphasizes the value of 
accuracy, and lays down definite rules for the construction of 
such models. Thick sections should be made of wood, thin 
aerofoils should be made of aluminum or some other light 
metal, and bodies should be made of wood. Besides accuracy, 
the weight of the model should be kept down. Even radiators 
can be duplicated with fair accuracy. But, the construction of 
a model in order to give really valuable results should be a 
matter of great care and study. 

This report, will no doubt achieve a useful purpose in 
emphasizing the value of accuracy and care in the making of 


Alcogas 

The Bureau of Standards has recently conducted a very 
exhaustive test on the properties of Alcogas. The tests were 
made in the altitude laboratory on a 12-cyl. Liberty engine, 
and consisted of a direct comparison between Alcogas and 
standard export grade aviation gasoline. A wide speed range, 
a wide altitude range, and a large compression range were 
covered. From this it is seen that he tests were very exhaus- 
tive, yet it it not quite clear whether Alcogas can be immed- 
iately recommended for use in airplanes or not. In some 
respects, the new gas, which is a mixture of 40 per cent alcohol, 
35 per cent gasoline, 17 per cent benzol, and 8 per cent of other 
ingredients, is far superior to gasoline. In other respects, 
it is inferior. 

All tests showed, at least as far as the operating staff could 

Alcogas than with gasoline. 

While at ground level, the two fuels showed the same 
maximum brake horse power, but at all other altitudes 

Alcogas also showed a 15 per cent higher thermal efficiency 
than gasoline. Of course, in terms of brake termal efficiency, 
this only means 4 or 5 per eent in favor of Alcogas. 

As an offset to these advantages, the test showed that as 
a result of the much lower heating values per lb. of the new 
gas, the fuel consumption by weight has to be much greater 
than when gasoline is employed. When gasoline consumption 
is compared on a volume basis, this difference disappears 
however, the new fuel being much more dense. 

From an engineering viewpoint, it is dear the new gas 
cannot be used indiscriminately. When a military machine is 


employed, the greater power obtainable in the engine by the 
use of the new gas will be a strong argument in its favor. 
In a commercial machine, where the useful loading is in be 
carefully considered, the greater fuel consumption by weight 
will be an important factor against Alcogas. 

For a military machine, with a fairly large range, the same 
argument will apply. Just as air-cooled motors may give less 
performance, owing to their effective weight being increased 
by a higher fuel consumption, so the increasing power of the 
engine may be offset by a greater weight of the new fuel 
having to bo carried. 

Operators of airplanes, whether military or commercial, will 
ultimately learn, by experience, on what particular machines 
it will be best to utitlize this interesting product. 


Airplane Ranges 

A very elegant mathematical paper by Dr. J. G. Coffin, 
somewhat terrifying in places, gives us a few practical con- 
clusions regarding long range flight. 

A machine should fly at a constant angle of attack 
corresponding to the maximum value of weight for total 
resistance of the machine. The range is practically the name, 
whether the machine flics high or low. Flying high is an 
advantage because the time is reduced if the range remains 
the same. Flying at maximum speed means a very much 
diminished range. 

. These practical conclusions are of the highest value. They 
are not new, but it is always an advantage to have a rigid 
theoretical demonstration for widely accepted rules. 


Side Slip Landings 

Some recent tests conducted by the chief test pilot of the 
Airco, indicated that with a machine flying at 70 m.p.h., and 
passing over a height of 75 ft., landing was made in a straight 
glide of 461 ft. With a side slip of 8 deg. this distance was 
reduced to 328 ft., with a side slip angle of 13 dog. the land- 
ing distance was only 198 ft. and with a steeper side slip, the 
distance was only 141 ft. While a side slip landing requires 

be somewhat risky, yet this decrease in landing speed ot 

high slip is however the most effective form of air-brake yet 

It would be interesting to havo the opinion of pilots on 
such types of landings. 


Aerial Ambulances 

It is a sign of the times that an aerial ambulance based on 
the U. S. D-4, has been designed and constructed at McCook 
Field. The ambulance will accommodate the pilot, who is a 
medical officer, two patients, and a second medical officer. The 
patients are to be transported in complete comfort. 

This is another step towards the achievement of universal 
utility of the airplane. 
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it right angles to the ti 


Except for spherical bodies, or bodies whose shape is de- 
termined by mathematical corves, these integrals can seldom 
bo carried out mathematically and the integrations must be 
made graphically by a "step by step” process which as a rule 
involves considerable calculation and time and are practically 
impossible of application to bodies of complex form such as 
complete airplane models with which we have (found there is 
an appreciable correction. 


plification is based 


possible even for airplane models This si 
’ upon the fact that the pres 
t I am acquainted - 

the experimental portion. 


which exis 

al/values of x and is independent of y and z, that is, is 
stant over the cross section at right angles to the tunnel axis, 
the following integration theorem is true, where the volume 
integral is taken throughout the volume of the model and the 


ie that the pressure gradient is 




— - me integral becomes with this value for p 

SSS- d ( vol) = a fff d (vol) = a x volume 



and when multiplied by a volume as required ir 
it gives a force as it should. 

The great value of this method consists in the fact that it is 
usually very easy to obtain the volume, either by immersion 
in water or by planimeter, for example, and the mere multi- 
plication of the volume by the known pressure gradient gives 
the value of the correction. This way of looking at it also 
shows that the correction is independent of the orientation of 
the body just as the buoyancy of an immersed shape in a 
liquid is independent of its position relatively to the vertical. 

As an example of the application of this method to a spe- 
cific case, let us consider the correction to be applied to the 
9"x3" strut (Navy No. 1 Strut) tested at the Navy Yard by 


Volume=60xl9.2=1152 cu 
Pressure Gradient at 40 n 
Center of Gravity of star 


.0034x62.43x12 


- = .0236 lb./cu. ft. 


9x12 

Correction by equation (b) = 

.667 x .0236 = .01573 lb. 

Correction as published by Dr. Zahm = .0158 lb. 

The agreement is very satisfactory and shows that this method 
usually can be applied with perfect safetv. 

When' it is considered that the presence of the model 
probably does modify to some extent the distribution of static 
pressure it is seen that the correction by whatever method 
computed is inherently not very precise and as mentioned 
above, results which are within 10 per cent of the true cor- 


d = pressure gradient > 
in other words, this is a strict mathematical proof that the 
static pressure gradient produces an effect akin to a buoys — 
The result is nothing more no. ' 


°SS 

dp 

gradient is by definition — its 


ction are amply good ei _ 

With dirigible models or even models of complete airplanes 
the volume can easily be obtained by immersion and weighing 
of the overflow so that even complex shapes are easily taken 
care of. 

gradient in the Eiffel type of 


The absence of any pn 
tunnel as modified in the 
extremely valuable property as 
essity of these corrections and 
feronce of static pressure grea 


icompanying labor. No dif- 
r than two or three hun- 
were detected between any 
hamber of the Curtiss 
both within and with- 


A Letter 


INAUTICAL EnGI! 

Dr. 3. G. ( 

y which is only a mechan- 





Fio. 3. Elements or Area fob (a) Bodies or Rotation, 
Axis Along the Wind;, (b) Bodies op Cylindrical 
Shape, Axis op Cylinder Across the Wind 


Editor, Aviation and 1 
Aviation for April 15, 19 
pressure gauge used in his laboratory w 

ical modification of the one invented by .... 

1918 and described in Aviation for Nov. 1, 1918. In both, 
we use the Krell system. In mine I alter the sensitivity by 
changing the angle of the slope by means of a screw, while 
Dr. Coffin docs it by revolving the glass tube about a horizon- 
tal axis. In mine I get the head by moving the tube along the 
slope ; Dr. Coffin gets the head by raising or lowering the tube 
on a standard. The basic idea, namely to alter the sensitivity 
by changing the angle of the tube to the horizon, and to move 
the tube so as to keep the meniscus at one point in the tube, 
is mine and was disclosed as long ago as Nov. 1, 1918. Dr. 
Coffin thinks this idea so good that he speaks in great praise 
of it, but he gives me no credit for originating the idea. In 
fairness to me you ought to call the attention of your readers 
to this fact. 


Characteristics of Design Effecting Produc- 
tion, Operation and Maintenance of Aircraft’ 

By Maj. Percy Bishop 


1 stability, had to be mi 
these directions. It is t 


e called upon to pro 
aneuverability wen 


9 in order to 
b that during 
e of produc- 


1. All necessary dimensions, with permissible errors in man- 
ufacture, including accurate development in the else of 
complicated bent-up parts. 

2. Particulars of the material from which the part is to 


ich considerations wa 

and the Re- 


production had necessarily 
which could be given towards 
limited. 

Today the 

lowing notes arc prepared with .... ._ 

importance of those factors which in the past 
stricted, but which in the future will tend ' 
among the characteristics of aircraft. In t 

proposed to touch upon the relative imi ... 

performance and stability, but rather to deal with the charac- 
teristics which interest those constantly engaged with air- 
craft, whether they ' ’ " ' 


■mphasizing t 




> its “writ 
) Preparation for n 
) Manufacture and 


(4) Storage, packing, and transport. 

(5) Operation and maintenance. 

(6) Repairs and replacements. 


The work involved in the preparation of a design 
manufacture is chiefly connected with the d " ’ ’ 

and with the production of drawi “ 


including safety and 
attain supremacy in . 
the latter stages of the 
tion, th< 

facilities 

tention; but in view of the speed at which designs and 
*o mature, the amount of thought 


for the production 


There is no doubt that aircraft suffer far more depreciation 
when on the ground, especially when subjected to transport 
and re-erection, than when kept in continual flying use. In 
furture possibly the majority of this country’s output of 
aircraft will be exported, and consequently the above condi- 
is will apply, not to isolated cases, but to a majority, thus 


., 1 of operations 

of the part. 

4. Details of any heat-treatment which 
at any stage of the work. 

5. Protective requirements to prevent deterioration due to 
atmospheric conditions. 

6. Identification marks in order that the part may be iden- 
tified during and after manufacture. 

7. The component or type of aircraft on which the part la 

Each drawing should be on a separate sheet of convenient 

Many designers do not even now consider all the above in- 
formation essential, and do not include such items as opera- 
tions and protective requirements. Their view is that the shop 
staff know better how to produce the part than the designer 
or draughtsman ; but although this is undoubtedly true in 
many instances today, it is contended that the process of 
manufacture should be considered by the designer at the time 
of evolving the design ; and that if the design is so aiTanged 
" * 1 a specific m-* 1 — * * “ 


ic method of manufacture, the particulars 


n the 


Apart from this, 

T iers and draught 

all concerned in the production 
consideration will always assist in reducing the 
ufacture, accelerating production, and evolving a more ser- 
viceable machine. 

Experience during the war has shown that a great saving 
can be effected by. very careful consideration being given to 
preparation of detailed drawings, so os to avert such an ex- 
cessive amount of alterations as attended all designs during 
the early stages of manufacture. 

Again, nearly all failures in the air are traceable to detail 
faults, and several otherwise excellent designs of airplanes 
have been doomed owing to detail defects. 

The various aspects from which improvements in design 
o be benficial are dealt with in the following order. 


h the design of details. 
It may be of interest 


is to require a 

ought to be stt = .. 

Admitting the necessity for means of identifying parts, 
partial assemblies and components, it is essential that a 
suitable numbering scheme for drawings be adopteiL The 
production problems of automobile engineering are very 
similar to those of aircraft, and it is almost universally agreed 
that the adoption of one single series of numbers for compon- 
ents, parts, or even pieces of parts, is the most satisfactory 
method of identification. This system involves a separate 
drawing of each part and of each piece of a part. At first 
sight this may seem to be a cumbersome procedure, but it 
proves of great assistance to those engaged in production, 
where attention has at certain stages of manufacture to be 
paid to each individual piece separately. 

Take for example the case of a built-up sheet metal fitting 
made up of two or more pieces. For this we shall require : — 

1. A drawing of the complete part as required for erection; 

2. A drawing of each piece comprised in such a part. 

It is assumed that these drawings are produced on the lines 
indicated above, and that the information they afford is more 
complete than is now usual. 

Such drawings will have other advantages besides being 
more generally useful during actual manufacturing operations. 
The work of ordering and laying out will be much simplified, 
as the accurate development of parts or pieces can be set out 
in such a way as to obviate the tedious operation of laying- 
out in the shops by staff, whose facilities and capabilities for 
the geometrical and mathematical work required, can hardly 
compare with those of a trained staff continually engaged in 
suoh work in the drawing office. 

Further, the drawings will be of material assistance to staff 
engaged in the stores and despatch departments. The draw- 
ings of parts, partial assemblies, and components, should each 
contain their respective schedules, as such information is 
necessary to complete the specification of the article repre- 
sented. No further schedules will be required, and this is 
particularly advantageous in eliminating the liability cf errors 
during the incorporation of modifications which involve al- 
terations to both schedules and drawings. Such modifications 
are inevitable during the experimental stage of aircraft 
manufacture. The system also has the advantage that it leads 
automatically to standa r dization, whether of pieees, parts, or 

onomy of material, of machining, of labor. 
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and of tom per, can be effected in , 

drawings by calling for current available : 
lising, as far as possible, standard sizes of bare, si 
tubes. Each detail should be so arranged that it may be 
produced economically from such standards. If the requisite 
sizes of bars, sheets, etc., be named on the drawings the 


a point may be made cl 


two. For 


interests the industry t< 

J cost as far as possible 

factoring facilities generally, without a 
the advance arrived at in safety and performance. 

The extensive use of fittings made from sheet metal, which 
can be punched out correctly to shape, and which require but 
e — -.1 * *i to complete n ‘ ' 


e usually produced in quantity 
OU automatic machines, should be preferably arranged so that 
the maximum diametric dimension falls just inside the stan- 
dard bar diameter. This will reduce to a minimum the 
removal of redundant material for the whole length of the 

part before the forming is commenced, ai 

away with waste of material and needless 


t from which the shell, the ends, or 
baffles, are made, falls just outside the standard sizo of sh , 
the result is either a larger sheet being cut uneconomicallv, 
or the introduction of an additional seam in the construction 
of the tank. 

Propeller laminae, long spars, longerons, and struts, also 
frequently give rise to difficulty in manufacture ' 
ber being unavaUable in the required dimensio 
then no alternative but to introduce joints^ which are expen- 

The drawings should also specify carefully the permissible 





further allowances must be made for si 
factors of master gauges. This 

importance in the case of hinges or joints a 

components where interchangeability is essential. Frequently 

factore are correspondingly increased. In such cases it is not 
sufficient to arrange the limits so that the parts shall in theory 
assemble where one part is on the high limit and the other on 
the low. 

In the case of wooden parts allowance must also be pro- 
vided for shrinkage of timber and distortion. 

The whole question of limits is very involved, and can only 
be briefly touched upon in this paper, but in order that the 
drawings may be complete, the statement of limits must be 
such as to constitute legal evidence of the requirements, both 
on the part of the supply contractor and a 
manufacturing or erecting shop sf “ 
on a piece-work basis. 


doubtedly a progressive stage towards this end. 
method of production is considerably cheaper than mat ot 
lg forgings nnd stampings, with the unavoidable subse- 


ely to occur, and the 

might develop and cause ti 

ing operation should be always followed by drilling i 


ially. The cost of die-making and setting-up r 

very high percentage of the total cost, and const . „ .... 

number of shapes required should be kept down to a mini- 
mum. This can be achieved by so arranging the shape of a 
blank that other shapes may be cut from it by means of 
another shearing operation to cut away the redundant portion. 

Another feature which perhaps has not been realized is the 
fact that the manufacture is simplified in the case of “right- 
hand" and “left-hand" parts. The blanks are always flat at 
this stage of manufacture, and the subsequent bending opera- 
tion will determine the “hand.” In the case of stampings, 
two dies are usually necessary, which not only involves setting 
dies twice, but also duplicates the number of jigs and 


Another important advantage of sheet metal construction 
which is particularly evident today is that it suits manufac- 
turing conditions, no matter whether large quantities of the 
part are required or merely the number necessary for 



d labor avail- 
ing resis 
r improving perform 
ecessary requirements for 

. . ! develop! 
a stage so early in its i 
t fall on the industry it 

performance to be developed very rapidly. 




shapes and connected together by rivetting, welding or braz- 
ing, is quite a cheap method of manufacture. In designing 
such fittings care must be exercised to ensure that the process 
" “ ing the material to remove strains, caused through 

welding, is capable of being carried out, without 
involving prohibitive distortion of the final shape required. 

From the manufacturer’s point of view standardization is 
of the utmost importance, and too much stress cannot be laid 

early stages' of the design” of detail parts." Holes, screw 
threads, angles, tapers, and even radii of corners (where a 
machining operation is required), should be of standard di- 
mensions, and the minimum variety of such sizes consistent 
with efficiency should be called for. This will result in limit- 
ing the number of sizes of drills, taps, dies, broaches, reamers, 
gauges, spindle tools and cutting tools generally; and also in 
some cases in an economy of settihg-up operations. 

The average number of tools and gauges required when 
manufacturing any particular design today, is unnecessarily 
high, and can be materially reduced without detriment to the 
efficiency of the machine itself. 

In the design of covered components, one of the most pre- 
valent difficulties which occur in manufacture is that of dis- 
tortion, and it essential that the structure should receive 
consideration from this point of view in the design. The 
of fabric doping, initial tension in bracing wires, 


May 16, 1920 
One of the 


AVIATION 


321 


the greatest difficulties of erection experienced today 
, , «*e later stages of assembly, and that is the large 

extent of hand fitting which is necessary in the fitting of 
cowlings, connecting up of pipings, controls, and the fittings 
of accessories generally. This is due to the fact that drawings 
are usually not considered necessary for such parts, and the 
design is left to the shop staff to decide at the time of erec- 
tion. The contention is that complete drawings should be 
made of all parts, and more particularly that the operation ‘ 

assembly should then rec- : — -** — — wrt - 31 *-- 

such parts are difficult 
“mock-ups” should be reso 


* — — and permit 

. a truing-np. As instances, fittings may 
be made self-aligning by means of universal joints or in 
other ways; strut fixings, wiring plates, etc., may have their 
securing pins arranged to hinge in the most convenient plane 
'imng-up; and multiple connections (hinges, for example) 
1 ’ to register on one of their number with 

n the remainder. 


is clear that the first requin 
out any examination is adequate 
bers and organs of the aircraft. 

One of the peculiarities of aircraft design is 
formance very largely depends on securing clean, 
rupted exterior surfaces, and on the streamlining or snapes 
which would otherwise increase head resistance; thus all 
structures and mechanisms tend to become hidden from ex- 
ternal view by cowlings, coverings, fairings, etc. There is, 
however, no reason why such coverings should not be made 
easily detachable, or other provision made f 
nspection, without incurring any appreciable 






It is realized that in the special 
procedure is in practice prohibitive, 
to the airworthiness of a plane which has been a long time 
in store, or has been transported from place to place, it may 
be necessary to strip and recover the component. 

In any case, however, the more vital parts should be easily 
accessible, so that periodic examinations and adjustments may 
be carried out. Such inspections are demanded daily by the 
Air Navigation Regulations before passenger flights may be 
made, and provision should therefore be made to enable the 
ground engineer to satisfy himself of the safety of the aircraft 
in the shortest possible time. 

One of the most important items in construction is the con- 
trol mechanism, which should be carefully studied in this 
connection. Where controls arc carried inside planes, doors 
or windows should be provided to view all pulleys, levers, and 
connections, in order that correct alignment, security of at- 
tachment, and wear of cables can be safeguarded. Such 
a doors or windows should be so arranged that the 
n be examined through them, 
it they run clear of obstacles such as ribs, 




icings, el 


To facilitate the attainment 
ir gaps should be employed to 
(a) The correct balding ol 


Particularly 
periodic inspection 
of leaks in petrol, 


the c 



may be arranged t< 


— -ged existing supremacy as 

regards both safety and reliability. This position has been 
won, firstly by sound design, both structural and aerodynamic, 
and secondly by ensuring that the actual aircraft comes into 
e and continues to exist in the form intended by the 


or shorting 1 of ignition wires caused through vibration or 
landing shocks. It is therefore absolutely necessary that the 
question of accessibility should be given the utmost weight. 
Improvements, in the form of quickly detachable cowlings, 
provision of sufficient inspection doors locally to petrol cocks 
and connections, or arrangement of the pipe lines or run of 
engine controls in such a way that they may be easily inspec- 
ted, are essential. 

Whilst dealing with the question of installation piping, 
it appears opportune to emphasize the importance of mark- 
ing the various pipes for identification purposes. There is 
a standard method of painting the various pipes to denote 
whether they are for oil, water, air, or petrol, viz., red for 
petrol, yellow for compressed air, black for oil, blue for 
water, white for air speed tubing, and yellow and red for air 
pressure for petrol feed — and such first-sight distinction is 
an invaluable asset when checking a complicated installation 
system. 

"" ork of an inspector can also be facilitated by the 
on as far as possible of such processes as welding, 
ing or soldering, especially where tho strength or security 
ic parts so treated is important. It is obvious that, after 
the operation has been performed, such a proces 
certified as having been correctly carried out. 

selective test to destruction is not considered 

guarantee, owing to the great degree of variation which can 
occur in such processes. Even with the “dip brazing” method 
the retention of the correct analysis of the brazing metal ci 


faster than the copper, so that even with frequent'additions of 
zinc, and check tests at each addition, the constitution of the 
bath cannot be regarded ns even approximately uniform. 

A difficulty experienced in checking the truth of erection of 
an aircraft is to find datura surfaces or points from which 
to begin the series of check measurements. The provision of 
a horizontal cross and longitudinal member at some con- 
venient point in the structure will serve to establish a level 
in both directions, and allow measurements to be based on 

Storage, -Packing and Transport 
The difficulties encountered in the storage, packing, and 
head transport of aircraft components, and the consequent d image 
experienced during recent years, have been very great. The 


Firstly, the fragility of the parts necessitating the most 
nreful methods of handling, packing and storing. 

Secondly, the sizes and awkard shapes of tile components 
nd parts demand a large amount of space, both for storage 
tsclf, and as adjustment room for manipulation in the store; 


when stored or packed to prevent damage due to chafng or 
distortion. 

To meet such contingencies there appear to be two alter- 
natives; on the one hand to provide special packing cases 
for each of the components or parts, which would render them 
immune from such damage; or on tho other hand, to relieve 
the situation by refraining from the use of such fragile or 
large components, and make special provision in the way of 
suppo ' 


of obstacles such 
f these conditions sight holes 


(6) Sufficient length of engagement of screwed parts; 

(c) The correct positioning of internal blocks in" hollow 
built-up spars or other main members, as for example those 
constructed on the “McGruer” system. 

Unless some such provision be made it is impossible, once 
the parts have been erected, to discover if these points have 


first alternative would obviously be impracticable as a 

malting the cases, although in certain cases such as engines, 
propellers and instruments, such practice is unavoidable. 
The second alternative can, however, be taken advantage of 
to a large extent, provided consideration is given to the ques- 
tion at the time of design. 

The average covered component is incapable of being 
stored, packed, or transported, without receiving injury of 
some nature, owing to the impossibility of supporting it at 
favorable positions of its structure. 

The addition to such a component of some form of pro- 
jections by which it could be supported or secured would 
be invaluable from a transport and storage point ol view. 
In addition, the designer would then know definitely the 
conditions to which component would be subjected, and could 
arrange the local members of tho structure to take the >»rres- 
ponding stresses. 
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undercarriages, V-strnts, cowlings, and fairings, should bo 
avoided as far as possible to meet this end, and such forms 
ahonld be snperseded by structures which could readily be 
dismantled to convenient sizes and shapes for storage and 
transport purposes. 

The limitation of sizes of components should be governed 
by the conditions of existing methods of transport, where 
such restrictions as heights of bridges, lengths of trucks, 
lorries, or trailers, have to be complied with. Considerable 
difficulty in transport has already been experienced in this 
direction, and the existence of prohibitive sizes of compo- 
nents has frequently led to extensive trouble and excessive 
cost in arranging transport. It becomes evident, 
that large components such as planes and fuselag 
be capable of being dismantled to a more convenient size, in 
the case of planes with long chord measurements this could 
be effected by provision of detachable trailing portions, and 
long planes or fuselages could be made in sections with 
suitable jointing arrangements. 

The use of detachable projections, such as levers and king 
poets, on covered components should also be encouraged with 
a view to meeting storage and transport facilities. 

The storage of complete aircraft has been facilitated con- 
siderably by the development of folding wing arrangements, 
and it is encouraging to see that this practice is now being 
extended to small aircraft. 

The deterioration of tires during storage is possibly a point 
worth referring to nnder this heading, and even if it were 
considered that the incorporation of stands in the undercar- 
riage design would be too great an enctimberance, the pro- 
vision of suitable surfaces against which a jack or lever could 
bear would greatly facilitate the lifting operat 
enable blocks to be inserted to take the load off the 
Operation and Maintenance 

The life of aircraft is a more vital matter 
civil purposes that 

have all up-to-date improve- 
earliest possible moment, and 


ff the tires. 


Fighting machines require t 
ments embodied in them at t. 
thus existing designs quickly become obsolete h 
out of date, rather than because they are 


V8£ 


It is most important, therefore, that the question of wear 
and tear should receive attention at the time of design, and it 
is proposed to deal briefly with the conditions which 1 
contribute to depreciation, and 
may bo ameliorated. 

It is generally admitted that aircraft (excluding the engine 
itself) deteriorate more quickly when on the ground than 
when flying in the nir. Especially is this so in the case of 
seaplanes, on which the effect of sea water is so pronounced. 

Deterioration is to a very large extent attributable to at- 
mospheric conditions, but it is considered that another impor- 
tant factor is that of damage and small accidents duo to bad 
hnndrng, climbing about the machine, and want of skill or 
care in the manipulation of the machine when on the ground 
and in the hangars. 

The life of the engine itself naturally depends to a very 
large extent on the length of its working honrs, periodic at- 
tention, etc., but at the same time it, too, may lie considerably 
affected by the treatment and conditions to which it is sub- 
jected, when not actually in use during flight. 

The uses made of some of the structural members during 
hnnd' ng or climbing about the machine would, if known to 
the dinners, relieve them of a large amount of mathematical 
Such calculations are based on the assumption 
and parts have to withstand only those 
curred in flying and alighting. As a matter of fact, 
ih are amply strong on such an assumption may, 
il miserably under the unfair stressing they suffer 
of tile machine on the ground. 

\s then that efforts will have to be made by design- 
diminate the liability of such "wear and tear” by 
? fool-proof 






rections for handling, or, better still, to make 
fool-proof by the provision of handles. Attachments 
as these need not necessarily be an encumbrance b 
machine either from the point of view of weight or rcsista 
provided they are carefully considered when designing 


fuselages denoting 

where the weight can be taken to avoid damage to ’ 

but this is not a sufficient safeguard, as evidenced b 
witnessed once by the author. Two m 
other to lift at one point of a heavy fuselage, and they took 
particular care to lift it at equal distances on each side of the 
painted arrow denoting "lift here.” 

Provision of steps and treads, not only for entering the 
machine hut also for the use of riggers and mechanics when 
carrying out adjustments, is essential, and if duly considered 
in the early stages of design would enable the designer to 
arrange for local stiffening in order to carry the loads im- 
posed under such conditions. 

As the operation of replenishing fuel, lubricant and water, 
and of adjusting the power plant, cannot usually be p 
formed from the ground, it is mainly for these purposes tl 
men climb on to aircraft. They treat axles, radius ro 
exhaust pipes, and 
fairings, and the lik 
of unfair stressing, 

the said objects arc never really successful 
humble capacities. Consequently there is ever, 
proper handholds and footholds should be provided. 

While dealing with the question of replenishing petrol, oil, 
and water — at present a rather long and highly inconvenient 
operation — a strong plea is put forward for larger filling and 
emptying apertures, and for their arrangement in less awk- 

s -I-...*: — t- *ed that filling from underneath 

s regards convenience and the 


Apart 
Iready b< 


been touched 




It is 


include painting, varnishing, 
pigmenting ,a special process for metal parts, such as "Cos- 
let ti zing" and “Sheradizing,” and the use of non-corrosive 
materials. Attention should also be given to drainage 
arrangements in planes and fuselages, the sealing of hollow 
tube members, axles and struts, and the general avoidance of 
pockets and corners where moisture would collect. This is 
particularly important in the vicinity of glued-up wooden 
constructions such as ply-wood, built-up ribs and spars. 
These rely upon the strength of the glued joint for their 
rigidity, which is materially affected by the action of moisture. 

In this connection it almost seems desirable that covers for 
exposed parts such as engines, propellers, and open cockpits, 
should be included in the design,, and provision made for 
tlieir accommodation in' the machine. These essential acces- 
sories are rarely available when required, and the tendency is 
to provide them as an afterthought. 

In view of the necessity of saving as much redundant weight 
as possible above that actually required to fulfil safety con- 
ditions in the design of aircraft, occasional minor accidents 
will inevitably occur when subjecting a machine to abnormal 
conditions such as landing in bad weather, or by forced 
landings in places with bad surfaces and obstructions. 

To cope with such accidents it is necessary that the work of 
repairing machines should be facilitated as far as possible to 
avoid their being out of commission for unduly long periods. 


the handling of the machine or its 
frequently carried out by unskilled labor. 

which the principal 


permit the damaged parts to be replaced w 
volving an excessive amount of work. 

The designer can materially assist in arriving at such con- 
ditions by developing on standardization lines throughout tile 
design. It is encouraging to note that great advances have 
been made in this country during and even previous to the 
war, as regards rigging attachments, piping connections, brac- 
ings, etc., and generally the smaller parts which are common 
to most types of aircraft; but there is still ample room for 
further development in other parts, such as fuselage sockets, 
plane attachments, wiring plates, struts and fittings, to name 

Even in the case of complete components there appears to 
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be room for further standardization, and in on 
been taken advantage of to a very large extern . D 

the design of the ailerons, elevators, and rudders so that they 
are all interchangeable. Such advances reduce the quantity 
of spares required, which is a very important item. 

Apart from standardization of the parts themselves, the 
use of as few different sizes as possible of parts such as bolts, 
nuts, wires, fittings, etc., also reduces the spares difficulty, 
and at the same time reduces to a minimum the tool kit to be 
carried in the machine. 

An advantage of standardization especially concerning 
rigging attachments which perhaps has been overlooked but 
which is considered to be of great value, is the fact that in 
making replacements the danger of substituting parts under 
the required strength is practically eliminated, as a part of 
incorrect size will not assemble on the adjacent fitting. It 
also has the advantage that in making now fittings, or verify- 
ing the strength of an existing fitting, the load to which the 
part should stand can be picked up from a knowledge of the 
strength of the standards without involving extensive 
calculations. 

Repairs can also be facilitated by reducing to a minimum 
the amount of dismantling or stripping necessary to enable 
the replacement or repairing operation to bo carried out. 
Particular offenders in this direction are continuous longerons, 
fittings which require to be slid on a member from the end 
instead of straddling it, fittings secured by rivets, or other 
permanent fixings, parts built up in position, and welded or 
brazed up structures. Seaplane hulls and floats are also 
typical instances where repairs are very extensive operations, 
even for rectifying the slightest damage. 

One of the greatest liabilities to danger in making replace- 
ments is the difficulty of determining the correct material from 
which the replaced part should be made, and it is contended 
that in cases where high tensile steel is nsed some provision 
should be made to enable the material to be readily indentified. 
Indeed, any case of employment of a special material, not 
readily distinguishable at sight from that commonly used, 
calls for such treatment. 

The author remembers one case where the designer had 
used a bolt of the standard dimensions, but in view of the 
excessive load which came upon it he had resorted to the use 
of a higher grade material to ohtain the necessary strength. 
It happened that elsewhere on this particular machine there 
were standard bolts of the same size but of standard material. 
Naturally, at a later date, after overhaul, the bolts became 
mixed, and the structure collapsed in the air with fatal 
results. 

The provision of instructional notices containing informa- 
tion ns to piping and wiring diagrams, rigging dimensions, 
doping schemes, and warnings generally, placed in convenient 
positions on the machine, is invaluable to those who have to 
attend to repair and maintenance generally, and it is strongly 


urged that this practice be encouraged by the designers in 
order that their designs shall not be abused. 


Bureau of Mines Bulletin 

The Bureau of Mines, Department of the Interior, 
announces the publication of a bulletin on the methods of 
testing and specifications for lubricants adopted by the Com- 
mittee on Standardization of Petroleum Specifications, and 
effective April 16, 1920. 

These new specifications are based on specifications which 
have been in force in the War, Navy and other Departments 
of the Government, but the Committee has harmonized the 
various requirements of the different departments and has 
standardized and simplified the specifications and methods of 
testing so as to provide a uniform code for all Government 
departments and agencies. 

The Committee wishes to call attention to two points in 
these specifications. The first is the method of grouping a 
large number of oils in three classes, A, B, and C. Class A 
comprises oils suitable for ordinary engine and machine 
lubricating; Class B, oils for high-speed engines, turbines, 
and dynamos, where an emulsion test is required; Class C 
comprises oils suitable for gasoline engines, motor cars, and 
air compressors, also oils which can be used as extra high 
grade tnrbinc and dynamo oils. Oils of Class C meet require- 
ments for carbon residue as well as emulsification tests. 

Each of the three classes is divided into five grades, ac- 
cording to viscosity, known as extra light, light, medium, 
heavy and extra heavy, thus covering the bulk of tiie oils 
used by the Government. The other specifications refer to 
special oils and greases for particular purposes. 

The second point to be noted is that specifications have been 
drawn on the basis of lubricating efficiency without reference 
to the sources of the Oil. This leaves the refiner free to use 
any crude oil from which he can make satisfactory lubricants, 
and to adopt any process of manufacture ho may find 

The Technical Subcommittee is planning to hold an open 
meeting to discuss further specifications for petroleum 
products which may be necessary. 

Copies of this bulletin may be obtained free of charge by 
addressing the Director of the Bureau of Mines, Washington, 
D. C. 



The Claudel Carburetor 


The Claudel carburetor, widely used in Europe for twenty 
years, is now made in America by the Claudel Carburetor Co., 
Long Island City, N. Y. This highly-perfected, plain-tube 
mixing derice was designed by Charles Henri Claudel, the 
pioneer in the development of the plain-tube type of carbur- 
etor, who is recognized as the foremost European authority 
on carburetion. 

^ Records^ made by the Claudel carburetor in European racing 

ninety-three first prizes being captured in 1913, in addition 
to the Indianapolis race and the breaking of all world's 
records on the Brooklands track in England. As a result, 
Claudel carburetors were employed extensively on the fore- 
most Allied aviation engines from the beginning of the war 
in 1914 until the end. Among these were the Rolls-Royce, 
Sunbeam, Peugeot, Salmson, Hispano-Suiza and Renault. 

Claudel carburetors made the first round trip across the 
Atlantic from England to America on the Sunbeam engines 



Fie. 1. Dim-s.it or Claudel Carburetor is Section, and 
Its Components 


of the British dirigible R-34. They were also used on the 
Rolls-Royce engines of the Viekers-Vimy airplane which was 
the first plane to make a non-stop flight across the Atlantic. 
The fact that this craft completed its long flight with one- 
third of its fuel unused is a striking commentary on the fuel- 
saving ability of the Claudel. 

Another record held by the Claudel carburetor is that for 
power and speed established by Sadi Lecointe, the famous 
French aviator, who set a new world’s speed record of 232 

Americanized in Dezign 

The engineers of the Claudel Carburetor Co. have Amer- 
icanized the European model of the Claudel to meet the par- 
ticular requirements of engineering needs in this country. 
They have added several features demanded by the American 

> TAe Claudel Carburetor 

Early carbureting devices employed a spring-controlled air 
valve in an effort to secure the proper mixture balance 
throughout a w-ide range of engine speeds. In 1903 Charles 
Henri Claudel, of Paris, France, patented the first tube auto- 
matic compensating carburetor without the use of moving 
parts. His early principle of breaking up the gasoline by a 
swift current of air, making an emulsion inside the jet itself 
before delivery to the carburetor proper was original w-ith him 
and has since been widely copied. The modern Claudel retains 
the same principle, refined and improved to vaporize the 
heavy fuel of today. 

The Claudel Principle 

The automatic functioning of the Claudel carburetor is 
based upon the action of the diffuser jet assembly. This de- 
vice combines three distinct principles of operation : 



First. — The orifice or jet which supplies all of the liquid 
fuel is placed at charge, or below the fuel level, where its flow 
is proportional to the difference in head. 

is, enclosed in a chamber with openings at one end to the at- 
mosphere and at the other end to the suction in the carburetor, 
thereby reducing the effect of the suction on the fuel flow. 
Third. — Through the nozzle holes in the diffusor head the 



Fio. 3. General View op the American Claudel Carburetor 
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ition of these three principles of oi 

rectly applied, gives a balanced mixture exactly proporti 
for the best results at every engine speed and load. 

The Claudel is really a combination of two types of jet, one, 
the main jet. Fig. 1, of constant flow per unit of time; the 
other, shown as a series of nozzle holes, of suction-controlled 
flow. Fig. 1 indicates the fuel level when the carburetor is at 
rest. Fuel from the float chamber flows through the main jet 
into the duffusor, then through the compensating holes into 
the reservoir or diffusor bore. It also flows through the 
i.Uing-jet into the idling tube, the level in the three tubes being 
- the same as that in the float chamber. 

The DiBuzor 

Air at atmospheric pressure enters the outside base or air 
lube of the diffusor column, passes up this outer sleeve and 
over the top of the gasoline guard tube, which prevents the 


The Idling Device 

The idling device is incorporated in a central tube pro- 
jecting up into the depression of the barrel throttle where a 
strong pull is exerted on the idling jet for low-speed action. 
The barrel throttle is slotted to pass around the idling iet 
and the only adjustment on the carburetor is a screw extending 
into the air space to partially block off the area of this slot 
as desired. Screwing it in lessens the air area and enriches 
the idling mixture. Screwing it out makes the mixture leaner. 

Easy Starting Feature 

In the American type of Claudel carburetor shown in Fig. 
2, a decided improvement has been incorporated for strangling 
the air by means of a sliding air cone, controlled from the 
dash. This device assures quick starting and warming up in 
cold weather, and absolutely disregards temperature. The 
streamline ait cone, concentric with the diffusor, may be 
raised into contact with the venturi, shutting off the air supply 
and putting the full suction on the diffusor. In this position 
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Book Reviews 


Applied Aerodynamics By Leonard Bairstow (Longmans, 
Green and Co. 565 pp. with many illustrations and diagrams.) 

The publication of Mr. Bairstow’s hook constitutes some- 
what of an aeronautical event. Mr. Bairs tow's reputation is 
perhaps, as high as that of any aerodynamicist. His many 
years work at the National Laboratory, his work during the 
war, as expert adviser in aerodynamics to the British Air 
Ministry, enables him to write with the highest degree of 
authority. 

A great part of the book is based in research work, which 
Bairstow has himself carried out, or initiated. 

The text-hook on Applied Aeronautics, contains a full and 
adequate treatment of theory of flight, of dynamical 
stability, dynamical similarity, and other as|>eets of the 
science of Aeronautics. It contains perhaps the best pub- 
lished summary of all important wind tunnel work, which has 
been carried out in recent years, including the work done 
during the war. The treatment is simple and straightforward, 
even though the mathematics may at points be terrifying. 

While Mr. Bairstow is perhaps more of a physicist than an 
engineer, he has consistently kept the needs of the engineer in 
view, and he lias at the same time laid great stress on the 
limitations of accuracy in aerodynamical work. 

These remarks give a general idea of the scope of the work. 
The book differs from many other publications in present- 
ing original points of view. Even to the most hardened 

times every pnragrapli of a chapter, lias special and original 
significance. 

efficiency curve for the propeller, and the revolutions of the 
engine to remain constant under all conditions of flight, that 
the designer has almost forgotten the fundamental error in- 
volved in these assumptions. The author was, we believe, the 
first to plat the power required by the propeller at constant 
forward speed, and varying r.p.m., so getting a scries of 
curves which can bo co-ordinated with the engine horse 
power at varying r.p.m., whereby this error is removed. 

In considering elementary aeronautical stability, an auth- 
oritative statement is given regarding the effects of down- 
wash, and one of the curves given indicates the downwash on 
the tail platted against the angle of incidence of the main 

Another interesting curve shown gives the angle of down- 
wash at various distances from the biplane combination. 
There is a decided decrease in the angle of downwash on the 
tail plane the further away the tail plane is placed from 


the wings. An exponential formula of the variation is de- 
duced which may be of considerable value in this direction. 

Simple longitudinal balancing of the machine will always 
offer difficulties, because of the varying effects of downwash, 
but, if the results of the laboratories on downwash are care- 
fully employed, a closer approximation in longitudinal bal- 


An interesting feature, which while fairly well-known, is 
sometimes lost sight of, indicates that while stability may be 
obtained by a negative tail setting with a fairly wide varia- 
tion in the position of the center of gravity, nevertheless, the 
most stable machine is obtained when the center of gravity is 
far forward. When shifted further back, neutral stability 
is to be expected, and when the center of gravity shifts still 
further back, longitudinal instability must of necessity occur. 

The chapter on the methods of measurements at aerody- 
namical laboratories, is perhaps of more specialized interest. 

It is curious to see how the methods of measurements be- 
come simplified as time goes on. For instance, spindle correc- 
tions, a source of much former trouble, in the determination 
of the efficiency of a wing, disappear almost entirely by the 
simple method of suspending the airplane model or wing by 
a wire from the tunnel roof, and attaching another wire to 
the balance. 

A very interesting elementary treatment is presented of the 
aerodynamical forces due to accelerated motion. While this 
has very little bearing on heavier-than-air craft, “virtual 
mass” due to acceleration plays an important part in the sta- 
bility of the dirigible. 

It is quite saddening to see that while Mr. Bairstow has all 
the aerodynamical data that are worth while at his command, 
there are still no definite values for the designer to trust to 
implicitly on biplane and triplane corrections, on full scale 
effects and other corrections. It still seems to be necessary to 
try out each new combination in the tunnel. 

A study of the resistance of the airplane landing gear ac- 
centuates the importance of considering the effect of interfer- 
ence between parts. The resistance of the two wheels of a 
landing chassis is increased some 10 to 15 per cent when 
placed in position and interfered with by the rest of the 
chassis. The shock absorber on a standard type landing gear 
is found to have as much resistance as the wheels themselves. 
While the resistance of the entire landing gear is not so great 
as to be of paramount importance, yet these experiments open 
up a new line of thought, and engineers will soon realize that 
the resistance of parts when placed in disadvantageous juxta- 
position, may be a serious cause of inefficiency. 
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One chapter is headed, “Aerial Manocuvers and the Equa- 
tions of Motion.” While the author states that he has just 
touched the fringe of the subject, this chapter will be of 

fascinating interest. With painstaking n 

tion, step by step integration and careful i 
it is quite possible to follow the airplane throi 

pie maneuvers. Nothing but a serious study <. 

•" a determination of stresses under all possible. 


ital work, 


It thus seems quite possible to calculate resistance deriva- 
tives for almost every possible condition. In view of the 
painful work involved in finding resistance derivatives 


rapidly as possible. 

id deal of at „ 

it of their theory is perhaps as thorough as we have 
seen, jn particular, the calculation of the forces on an air 
screw in yaw is very adequate. There are available some defi- 
nite statements in the chapter on airscrews. For example 
rotational inflow being neglected, a value of .035 can be taken 
for the translational inflow factor where 1 is a measure of the 
total slip stream increase in velocity. 

The chapter on fluid motion is treated in classical fashion. 
It is probably of less interest than any other portion of the 
. . •' ■ • , to f J i_.-s--.fLu > 


book. While 

effects presents nothing 
treatment of a ' ' 




, it is interesting to read the 


Co., 


New York.) 
This is perhaps , 


s and Diagrams. 


Beginning with the u 


Prediction and analysis of airplane performances have evi- 
dently been brought to a high pitch of accuracy by the Brit- 
ish. While constructors do not always find it practical to go 
into the refinements outlined in the book, it would seem quite 
possible now to get a very exact estimate of performance in the 
initial stages of a design. 

The chapter on stability is based mainly on Mr. Bairstow's 
own work. While the original papers are extremely difficult 
to read, notation and presentation are both improved in the 
book. There is a careful study of the manner in which gusts 
and other disturbances should be met by the controls. If it is 
possible to predict the exact action of the controls required 
under such conditions, it should subsequently be possible to 
design suitable automatical devices. The portion on distur- 
bed motion makes somewhat difficult reading. 

The Design op Screw Propellers. With Special 


ro poller design 
authoritatively 


, most complete work 

yet published, and is extremely well a 

written. Development of the subject is bo .. 

theoretical outlook, thorough, mathematical to a large extent, 
yet not excessively so. The nomenclature is perhaps, somewhat 
o American readers, 
nitions, the book follows on 
It would have been better 
perhaps, if Mr. Watts had given less consideration to some- 
what out of date information in this chapter, on such subjects 
as changing the position of maximum ordinates, and given 
rather more examples of sections suitable for propeller work. 
A propeller designer needs as great a variety of good sections 
as is possible, and does not Uke to hunt for them in the 
original reports. 

The simple Draewiecki theory is well developed, and with 
this theory ns a basis, factors effecting efficiency mid torque 
are clearly stated. There are also given some useful curves 
based on this theory for all the blade elements of a propeller. 
This chapter Will give even the beginner a coherent theory of 
propeller work, ns a basis for subsequent refinement. 

It is gratifying to see a very practical outlook in this book. 
For instance, Mr. Watts deals clearly with the change of 
engine revolutions with the speed of the aircraft. It is a 
simple fact, yet, not generally realized, that at maximum 
flying speed of an aircraft, the engine is giving its maximum 
power for the speed at which the propeller fitted will allow 
it to run. If the speed of the aircraft decreases, the angle 
of incidence increases, and the torque required to actuate the 
propeller at the same r.p.m., increases, so that the engine 


slows down; the angle of incidence then decreases, unlil a 
balance is obtained. It is points like these that are of even 
greater interest to the practical reader than rarefied mathe- 
matical theories. 

The author states that the thrust coefficient cannot be 
obtained from full size trials. This is perhaps too pessimistic 
a view of the possibilities of the thrust meter. The thrust 
meter has perhaps been developed to a greater usefulness in 
this country than abroad. A simple method of obtaining 
torque and power coefficients from full flight tests is given. 

We note for the first time, a Nomogram, connecting horse 
power, diameter, speed of propeller, and speed of aircraft. 

Step by step, the Fronde momentum theory is combined 
with the Drzewiecki, and a design carried out on the con ' ' 
theory. The most important experimentation in regard 
combined theory is summarized. 

There is a very complete consideration of ov 

Mr. Watts is the first author to consider secondary oi 
efficiency, or efficiency when the airplane reduces its forward 
speed to flying, while the engine is maintained at full throttle. 

Valuable rules are given on the calculation of the axial 
inflow velocity for routine design. These rules are based on 
considering the center portion of the propeller disc as ineffec- 
tive, and equating the thrust to the change of momentum As 
is customary with all British writers, one third of the inflow 
is considered as taking place ahead of the propeller. In 
considering flow through the propeller, it is interesting to 
see that towards the hub there are lines of flow in the reverse 
direction indicating a region of negative thrust. Streamlining 
the hub of the propeller may be quite a valuable help to 
efficiency. On slow air speeds it appears that the streamlines 
concentrate more about the axis of rotation than at high 
speeds. It is therefore to be expected that the resistance of 
a body placed behind the propeller, will have a greater effect 
on the propeller performance at slow speeds than at high, 
but the general conclusions drawn regarding the interference 
of a body on a propeller is that the interference effect is of 
the same character for all forward speeds, namely, interfer- 
ence increases both the thrust and efficiency and reduces the 
rotational speed of propeller and engine. 

A very complete analysis of the strength of a propeller is 
given. A consideration of gyroscopic forces is included as 
well as one of the air and centrifugal forces. The method is 
perhaps a little too complex for routine design. 

The author indicates how a propeller with a straight leading 
edge may lead to tension on the glued joints, a point which 
is of great importance on propellers to be used in hot climates. 

In considering geared motors, the author is strongly of the 
opinion that gearing will be worth while only for compara- 
tively large powers. 

We fully agree with the author in his conclusion that there 
arc very few points in favor of the four bladcd propeller. 
With a four blnded propeller, the efficiency is decreased, the 
equivalent body diameter is increased relative to the pro- 
peller diameter, the material used in manufacture is increased 
by about 50 per cent and the difficulties of packing and 
transporting nre increased. The advantages of the 1 
bladed propeller appear to be greater strength a 


[•rived a 


n the tandem pro- 


peller a 

" ""e etticienc.. „. „ - 

li'pstream of the leading propeller. 

2. The efficiency of the tandem combination is increased by 
rotating the propellers in opposite directions. In a particular 
case tested the efficiency of the combination wns increased by 
about 4 per cent under climbing conditions, asuming the two 
propellers to be giving the same thrust and that the perform- 
ance of the leading propeller is not appreciably affected by 
the working of the following propeller. 

3. The performance of the front propeller is only slightly 
modified by the working of the following propeller. 

4. It would appear advantageous to use propellers of 
different diameters, the larger propeller leading. 

The generally accepted conclusion that a variable pitch 
propeller will enable the revolutions to be kept constant from 
maximum speed to climbing speed and to maintain tha revo- 
lutions with altitude, is arrived at by deduction. 



The Lift of Hydrogen 

By Squadron Leader P. L. Teed, R. A. F. 


(1) The weight of the ship. 

(2) The weight of supporting medial 


displaced by the 


■e the analogy between water and air borne craft ceases, 
n the case of water-borne ships (other than the sub- 
e) a condition of equilibrium always prevails; if the 
1 of the ship is increased its displacement is increased, 
ater line being altered, but a state of equilibrium 




during equilibrium, 
supporting medium 
or negative bnoyanc 
While the structu 
the weight of mediui 


ruble 


rrounded by 

o me alteration in water line pro- 
ihangc in weight of the displaced 
sliip may possess either positive 

•ht of the ship remains constant, 
iced by the ship is subject to con- 


Undcr mean 
deg. Fahr. and l 
hydrogen at US 




e 55 


a temperature of 20 deg. Fahr. giv 
n equal volume of gas of the sain 


Alteration in Lift by B 

One thoi 

5.55 lb. 1,000 cn. ft. of dry air under the same atmospheric 
conditions weighs 80 lb. Therefore, on the basis lift is thi 
difference between displaced weight and displacing weight: 
80 — 5.55 lb = Lift of 1,000 cu. ft. of pure hvdtogen 
at 30 in. Barometer and 40 deg. Fahr. 

= 74.45 lb. 

Now assume that the temperature r 
that the barometer changes to 31 in. Thet 
Boyle's Law it will be seen that: 

80 x 31 5.55 x 31 Lift per 1,000 cu. ft. of 100 

= per cent pure hydrogen at 31 

30 30 in. Barometer and 40 deg. Fahr. 

= 82.6 — 6.73 
76.93 lb. 

• :ompli 

Mathematical expression 


. Then by the application of 


The following affect the buoyancy: 

(1) The volume of gas in the airship. 

(2) The purity of the gas. 

(3) The barometric pressure of the air. 

(4) The temperature of the air. 

(5) The amount of water in the air. 

Of the five matters affecting the lift of an airship apart 
from its volume, the purity of the gas is generally to be taken 
to be the most significant factor, but the combination of tem- 
perature and barometric pressure may produce even more 
important variations. 

The maximum purity of hydrogen in an airship docs not 
exceed 98 per cent by volume, while certain chemical consid- 
erations necessitate the deflation of the airship at 80 percent 


But the above is an i 
riving at the desired result, f 
may be simplified to : - 


— <80 — 5.55) = — (74.45) 

30 30 

= 76.93 lb. 

But 74.45 lb. is the lift of 1,000 cu. ft of hydrogen 100 per- 
mit pure at 30 in. barometer and 40 deg. Fahr. 

Therefore the rule may be expressed : The Lift of the unit 

’olume is directly proportional to barometric pressure . 

Alteration in Lift by Thermometric Change 

By the direct application of Charles’ Law it can be shown 
hat: Lift of unit volume is inversely proportional to the 


stated: 

(1) Lift of ui 

(2) Lift of u 


ts, 1,000 cu. ft. of 
pressure of 31 in. 
s a lift of 78.6 lb. 
purity at a baro- 
e of 80 deg. Fahr. 


Having illustrated the variations in lift due to (1), purity, 
and (2), to atmospheric changes, it is perhaps permissible 
to state that while the lift of 1,000 cu. ft. of hydrogen 98 per- 
cent pure at a temperature of 20 deg. Fahr. and under a 
barometric pressure of 31 in. is 78.6 lb., the lift of 1,000 cu. 
ft. of hydrogen 80 per cent pure at a temperature of 80 dog. 
Fahr. and under a barometric pressure of 28 in. is 51.5 lb., a 
variation of 27.1 lb. per 1,000 cu. ft., which represents the 
extremes of purity and atmospheric conditions which may 
easily be met with. 

Having dealt with the general principles of lift and illus- 
trated its variations by some examples, the question will now 
be dealt with in detail. 

Purity of the Gas 

It is customary to give the chemical composition of the hy- 
drogen in an airship ns so many per cent. pure. This term 
requires definition. By the percentage of purity of hydrogen 
is meant the percentage of hydrogen contained by volume, 
assuming the impurity to be of the same density as air. 

Now it will be seen that if the impurity in the hydrogen is 
air, then since air in air is without weight, the relative lift 
of equal volumes of impure hydrogen under the same atmos- 
pheric conditions is in the same ratio as their hydrogen con- 
tents (by volume). To sum up: The lift of unit volume is 
directly proportional to purity. 


which have already 


e is inversely proportional to abso- 

llowing formula may be deduced to 
ft. of hydrogen under any condition 
r barometer: 


100 x 30 x (460 plus temperature 
in degrees Fahr.) 

12.41 x per cent purity x barometer in inches 
460 plus temperature in degrees Fahr. 

The Temperature of the Gas 

t has been assumed 


In the formula which has been give 
that the temperature of the gas is the same as tne temperature 
of the air— a condition which generally prevails in the air- 
ship shed, but during flight there is frequently a material 
difference in temperature between the two. This difference 
arises in two ways: 

(1) The effect of sun on the gasbag. 

(2) The effect of a quick descent after flying for a consid- 
erable time at a high altitude. 

In the first case the sunlight striking the gasbag fabric 
causes this to rise above the air temperature, the heat being 
in course of time transferred to the gas itself. The gas then 
expands in accordance with Charles’ Law. Now in rigid 
airships if the gasbag is not full, or in non-rigid ships if 
there is air in the balloncts, this expansion will cause a 
greater volume of air to be displaced and consequently an 
increase in lift to take place. 

For example: At 40 deg. Fahr. and 100 percent purity 
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deg. Fahr. Its volun 


of being 1, 
» x 510 


= 1,020 Cu. Ft. 

But its weight is still 5.55 lb., although the weigh! 
displaced is not the same; for instead of 1,000 cu. f 
displaced, 1,020 cu. ft. are displaced, which weigh: 

80 x 1,020 


ift by difference in temperature of the 
gas may at first sight appear to be of mere academic interest, 
but in large airships this is certainly not the case. Take the 
case of a Zeppelin of 1,250,000 cu. ft. maximum capacity 
containing only 1,000,000 cu. ft. of hydrogen. The ship js 

gas temperature to rise from 40 deg. Fahr. to 50 deg. Fahr. 
Then, as has already been seen, the lift of the gas is increased 
1.6 lb. for every thousand feet of gas in the ship at 40 deg. 
Fahr; but the volume of gas was assumed to be 1,000,000 cu. ft. 
therefore the lift of the ship will be increased: 

1000 x L6 lb. 

= 1,600 lb. 

This alteration in lift during flight of large airships is 
of considerable importance, and it is consequently necessary 
that the pilot should always be acquainted with the relative 
temperature of the gas and air, for which purpose ’ ' 


- gasbag, recording ii 


185 x 67.7 

C. P. class tons = 5.59 tens. 

2440 

360 x 67.7 

N. S. class tons = 10.88 tons. 

2240 

In building airships their Disposable Lift under the con- 
ditions of purity, humidity, barometer and temperature al- 
ready mentioned is generally specified but when the Dispostble 
it is improbable that all, if any, of 
--ist; consequently the practically 
milieu ugure must oe converted by simple mathematics to 
at it would have been had the conditions of the specif ca- 
n prevailed. 

To convert Disposable Lift from o 


t is taken practically, i 



that by practical 


(1) Disposable Lift on the i 

(2) Temperature on the 

(3) Purity of Gas on the 

(4) Barometer on the 

(5) Humidity of the air on 

(6) Volume of the gas, or 
casion of the trial. 

To take an example: Let it 

trial 9 tons was found to be the Disposable Lift o: . , 

cu. ft. airship, 100 per cent full of hydrogen 98 per cent pure, 
when the barometer was 30 in., the temperature 40 deg. Fahr., 
and the humidity of the atmosphere negligible. It is required 
to know what would be the Disposable Lift under the gener- 
ally specified conditions, namely 100 per cent full of hydrogen, 
95 percent pure, when the barometer is 29.5 in. the temper- 
ature 55 deg. Fahr., and the humidity negligible. 

The first thing to be done is to determine the total lif! on 
the occasion of the practical trial. 


of the trial. This will bo fi 
n to be 1,00 


ift of hydrogen. 
The greater the amount of water vapor in the atmosphere 
the less the weight of unitjvolume of air consequently the 
less the lift of unit Wolume ' of hydrogen, for the difference 
ed and displacing weight is less, 
n in lift duo to humidity is not very material, 
_ laterally cause a difference in lift of more than 
0 cu. ft. of gas. However, in the case of ‘Tift 
lent must be made for humidity. This 
t easily be made by observing the dif- 

— , re between the wet and dry thermometer 

and then employing an empirically compiled table which gives 
the necessary adjustment per 1,000 ft. of gas. 

The Lift of Airships 

So far the lift of hydrogen and the phenomena which affect 
it only have been dealt with. Now the lift of airships will bo 
considered. Before dealing with this, two terms require de- 
finition : one. Available Lift, the other. Disposable Lift. 
Available Lift is the total lift of the gas in the airship. Dis- 
posable Lift is the difference between the available lift and the 


classifying 

, , „ the ship to be 100 

per cent full, with hydrogen 95 per cent pure, the barometer 
being 29.6 in., the thermometer 65 deg. Fahr. and the air dry. 

From the formula for lift already given, or by means of 
the Scott-Teed Slide Rule, it can be calculated that the lift of 
gas under these conditions is 67.7 lb. per 1,000 cu. ft Thus 
the tonnage of existing classes of English airships are: — 

60 x 67.7 

S. S. class tons = 1.81 tons. 


tons is the Available Lift 
Now the Disposable Lift of the ship was found by trial to h 

Therefore 32.59 — 9.0 tons is the weight of the ship. 

= 23.59 tons. 

Now by means of the formula or slide rule 
lift per 1,000 cu. ft of hydrogen under the cot 
specification. This will be found to be : — 

67.7 lb. 

Therefore under the conditions 
67.7 x 1,000 


is is the Available Lift, 


2,240 
= 30.22 tons. 

But the fixed weight of the ship was found to be 
23.59 tons. 

Therefore 30.22 — 23.59 tons is the Disposable Lift u: 


If the fixed weight is known but not the volume. 

In the example which was taken the volume of the ship was 
known but not its fixed weight Now let it be assumed that 
the weight was known but not the volume. Under these cir- 
cumstances, if in other respects the same problem was to be 
solved, the procedure would be: 

Determine the lift per 1,000 cu. ft on the occasion and 
circumstances of the trial. This would bo: 73 lb. per 1,000 
cu. ft 

Now the weight of the ship was known to be 23.59 tom,. 

Therefore 23.59 plus 9 tons is the Available Lift of the ship, 
= 32.59 tons. 

32.59 x 2240 

Therefore thousand cubic feet is the vol- 

73 ume of the ship. 
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= 1 , 000,000 cn. ft. 

If neither volume nor fixed weight are kr. 

Occasion may arise when it is desired U 
sable Lift of an airship when the cor " 
tions do not exist and neither the volni 
ship is known. 

Let it be assumed that on 
the Disposable Lift was found to be 9 tons when the ship w 
100 ocr cent full of gas of 96 per cent pnrity and the bt 
i. and the temperature 30 deg. Falir. 



that the ship is 100 p 
pure, when the barometer is 28.5 in. a 
deg. Fahr. Take the Disposable Lift, which for purposes of 


Airplane Ranges and Useful Loads. — Synopsis of Report 
No. 69. National Advisory Committee for Aeronautics. 

n of possible ranges and 
points of view. A sample 
made using a step-by-step method and a thenr. 
a is carried through and the two r 

" the tv 

which 
with c 

very simple matter. 

It is quite evident that the factors upon which large range 
depends are the lift over drift ratio for the complete machine, 
the ratio of weight empty to weight fully loaded, the fuel 
rsepower hour of the motor and the effi- 
. . ler. The qualities of an airplane are 

ipletely characterised by these factors. The theoretical 
jives explicitly the way these factors contribute to 
and load carrying properties. 


o bo 5 tc 


it the lift per 1,000 cu. ft. of hydrogen under 

the conditions prevailing. 

This will be found to be: 

64.7 lb. per 1,000 cu. ft. 

Between the first and the second trial the Disposable Lift 
has altered from 9 tons to 5 tons, and the lift per 1,000 cu. ft. 
from 72.6 to 64.7 lb. 

Now the difference per 1,000 cn. ft. in lift on the two 
occasions is 72.5—64.7 lb. = 7.8 lb. 

The difference in Disposable Lift, 9—5 tons. 


eluding a flight to an objective, 


_ . delivery 

without refueling, this problem being of interest with respect 
o bombing. It is completely solved and a very practical and 
expeditious method is derived for all possible cases. Among 
other results are equations giving-time to attain a given 
distance-time required to use up a given weight of fuel and 
distance corresponding to a given weight of fuel. The effects 
of climb at start and glide at end of flight are shown to be 
practically negligible. 

Comparisons of high speed flight and flight with minimum 
power are made with greatest range or economical flight, 
especially with regard to load carrying range and time. A 
special method for determining the effect of the wind from a 
single curve for all wind speeds either with or against the 
direction of flight is derived and applied and the effect of 
wind on angles of incidence for most economical flight is de- 
termined. Most of the formulae are applicable not only to 
range lUgbta^at most economical angles but also flight at any 

Analysis of Fuselage Stresses — Synopsis of Report No. 
76, National Advisory Committee for Aeronautics. 

This report, prepared by the staff of the National Advisory 
Committee for Aeronautics at Langley Field, is concerned 
chiefly with the assumptions to be made as to the loading on 
" ;es. A typical “stick-and-wire” fuselage is analysed for 
nt sets of assumptions as to landing loads and for three 
at conditions in flying. In treating flying conditions, all 
ertia loads are included and a single stress diagram is 
including all the members from nose to tail.. The inertia 
loads due to angular accelerations are shown to be very im- 
portant and to decrease the stresses in the rear of the fuselage 
by more than 50 per cent in some instances. 

The discussion of stress analysis by graphical methods, is, 
of course, applicable only to “stick-and-wire” fuselages, but 
the treatment of inertia, damping, and tail loads is equally 


of load and return 


Therefon 


0 lb. 

e the fixed weight of the ship 
- is the volume of the ship in thousands of cubic 


Weight, 
e Converted 


7.8 

feet, 

= 1148.7 thousand cu. ft. = 1,148,700 cu. ft. 

The volume being now determined, from tho methods 
already described it is possible to calculate the Disposable 
Lift under any conditions whatever. 

To summarize, the following are necessary for the conver- 
sion of Disposable Lift: 

Under Condition, of Lift Trial 

Available Lift 100 per cent full — Disposal Lift found 
= Fixed We 

Under Conditions to IChich Disposable Lift I, i 

Available Lift 100 per cent full — fixed weignt = 
Disposable 

Since this memorandum was written, 
munitions of the relative weights of hydrogen ana ary air nave 
been made by the British National Physical Laboratory with 
the result that the lift of 1,000 cu. ft. of hydrogen at 30 in. 
barometric pressure and at a temperature of 40 deg. Fahr. 
has been found to be 74.06 lb. consequently the lift formula 
should be: 

12.34 x per cent purity x bar. in inches 

Lift per 1,000 cu. ft = 

460 plus Temperature in degrees Fahr. 
The Scott-Teed Lift Slide Rule has been altered in accord- 
ance with this determination. 


N. A. C. A. Reports 

Construction of Wind Tunnel Models. Synopsis of Re- 
port No. 74, National Advisory Committee for Aeronautics. 

This report gives a full description and discussion of the 
best methods to be employed in constructing models of air- 
craft and parts thereof for testing in wind tunnels. It in- 
cludes material on the construction of model aerofoils, of 
fuselages, and of tail surfaces, and also on the types of models 

it of detail whiclTit is taxable 
without constructing geometrical!™ similar models 


The Aluminum Manufacturers, Inc., of Fairfield, Conn., an- 
nounces the completion of their experiments on The Lynite 
Forging Alloy, which has the following physical properties: 
-■ " 55,000-65,00 lb. per. sq. in. 


In short, the report is a general handbook on tho subject, and 
• • ' ’to eliminate tho difficulties which airplane design- 

n obtaining models suitable for wind 
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ANNOUNCEMENT 



Schools 

The Curtiss Aeroplane and Motor Corporation has reopened 
its flying school at Garden City, Long Island, for instruction. 
Courses in motor and plane construction and repair, and 
theoretical courses in elementary aerodynamics, cross country i 
flying, instrument reading, etc., will be given in addition to 
actual flying instruction under the supervision of pilots who 
have had actual experience in school work. 

Aerial Photography 

The Curtiss Aeroplane and Motor Corporation has in- 
augurated a Division of Aerial Photography. With the 
best of equipment and a staff of experts in addition to an organ- 
ization of distributors in every state in the Union, it is in a 
position to undertake assignments in any section of the country. 

Passenger- Carrying 

The Curtiss Aeroplane and Motor Corporation has re- 
sumed flying operations at the Curtiss Flying Field at 
Garden City, Long Island. Dependable Curtiss airplanes, 
manned by experienced and careful pilots, are available for 
flights, cross country work, aerial trips over the city, and 
aerial advertising. Special rates made to parties of five or 


For quotations 


information, write or telephone 


The America Trans-Occanic Company, Curtin distributor for Gret 
for instruction in boat Hying at Port Washington, L. I. Plying operation] 
pilot of the NC-J trans-Atlantic flier. 


CURTISS AEROPLANE and MOTOR CORPORATION 

C. S. JONES, Mgr. Dept, of Flying Operation l 
Garden City, Long Island, New York Phone Garden City 1580 


m 
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JONES 



Airplane Tachometer 


“Beat by Teat " 

was designed especially for the United 
States Navy Department for use in the war. 

We supplied the Navy Department with 
large quantities of these instruments and 
their splendid record of service under sdl 
conditions as demonstrated by the famous 
Trans-Atlantic flight of the N C 1 — N C 3 — 
N C 4 where the JONES AIRPLANE TACH- 
OMETERS were standard equipment has 
been highly commended by the Navy De- 
partment officials. 

The mechanism is of the centrifugal 
type; the dial is black with radium 
graduations and pointer, and is cali- 
brated in various speed ranges up to 
5000 R. P. M. 

JONES AIRPLANE TACHOMETER 

is the lightest instrument of any type 
yet produced, and is geared to be 
driven at cam shaft or engine speed 
without extra attachment. 


JONES HAND TACHOMETER 



JONES MOTROLA, Inc. 

31 W. 35th Street New York 
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ontractons to tbe • Army, 
Navy and- Air-Mail-Service 

L W F Engineering Co , inc., 

• College Point- -New -York.- 


The Home COMPANY New York 

ELBRIDGE G. SNOW, President 
Home Office: 56 Cedar St., New York 

AIRCRAFT INSURANCE 

Against the Following Risks 

1. FIRE AND TRANSPORTATION. 

2. THEFT (Of the machine or any of its parts). 

3. COLLISION (Damage sustained to the plane itself). 

4. PROPERTY DAMAGE (Damage to the property of others). 

SPECIAL HAZARDS 

Windstorm, Cyclone, Tornado — Passenger Carrying Permit — Stranding and Sinking Clause — Demonstration Permit — 
Instruction Permit 

AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA. PORTO RICO AND CENTRAL AMERICA 

Aircraft, Automobile, Fire and Lightning, Explosion, Had, Marine (Inland and Ocean), Parcel Post, Profits ft nd Commis- 
sions, Registered Matl, Rents, Rental l' allies, Riot and Civd Commotion, Sprinkler Leakage, Tourists! Bag- 
gage. Use and Occupancy, Windstorm 

STRENGTH REPUTATION SERVICE 


VIA TION 


May 16, 


An Unusual Opportunity 

To Complete Your Files of 

Aviation and 
Aeronautical Engineering 

We have a limited number of bound volumes covering: the period from August 1, 1916 
to January 15, 1919, containing in every issue aeronautical engineering information of 
fundamental value. These volumes comprise a complete record of the science of avia- 
tion during the period of the great development of aerial warfare. 


VOL. I 
VOL. II 
VOL. Ill 
VOL. IV 
VOL. V 


$25.00 

10.00 

5.00 

5.00 

5.00 


Also the following sets not bound: 


VOL. Ill 
VOL. IV 
VOL. V 
VOL. VI 
VOL. VII 


THE GARDNER -MOFFAT COMPANY, Inc. 

22 East 17th Street New York City 
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Hercules Airplane Special 



Exact Size 


The HERCULES Airplane model is absolutely gas tight, heat proof 
and unbreakable. Gasket packing is of solid copper. Electrodes are of 
special alloy, oversize, with positive heat radiation to take care of ac- 
cumulated or generated heat at the base of the plug, and maintain 
a constant temperature, without sudden and violent changes. 
Insulators are unglazed, stone-like porcelain-unbreakable under heat or 
strain in any engine service. Electrodes will not fuse, flake or pit, but 
maintain a constant perfect gap adjustment of 1 5 thousandths, for 1 50 

Many sets of these plugs have run 1 50 HOURS OR BETTER and 
are still in service, without readjusting or cleaning. No spark plug has ever 
been offered for airplane service with as perfect a record for depend- 
ability, as the model here illustrated. 

MANUFACTURED BY 

ECLIPSE MFG. CO. Indianapolis, U. S. A. 


“The Spark Plug 

That Cleans Itself ** 



“The Plug with the Infinite Spark ” 


BREWSTER-GOLDSMITH CORPORATION 

33 GOLD STREET, NEW YORK CITY 


Aluminum Company of America 

General Sales Office, 2400 Oliver Bnildinf 
PITTSBURGH, PA. 

Producers of Aluminum 

Manufacturer s of 

Electrical Conductor* 
for Industrial, Railway and Commer- 
cial Power Distribution 

also 

Ingot, Sheet,T ubing. Rod, Rivet*, 
Moulding, Extruded Shapes 

also 

Litot Aluminum Solder* and Flux 

CANADA 

Northern Aluminum Co., Ltd., Toronto 
ENGLAND 

Northern Aluminium Co, Ltd., London 
LATIN AMERICA 

Aluminum Co. of South America, Pittsburgh, Pa. 
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PARAGON PROPELLERS 

Highly Developed Dynopter Design 
Special for J. N. Machines 




The Economy Propeller 
Par Excellence 




PROPELLER & P 


“RYLARD” 

'T’HIS SPECIAL VARNISH was adopted by 
1 the British Air Ministry in 1916 as being 
the premier Varnish for Aircraft work. Tlte 
whole of the output of “ Rylard ” produced 
from our specially increased plant was taken by 
the Air Ministry and delivered to the various 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has given every 
satisfaction. 

The most suitable Varnisli 
for 

AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 

cg wsfe sa zrs s 

Llewellyn Ryland Co. of America 

64 East Van Buren Street, CHICAGO, U. S. A. 
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BAKER CASTOR OIL CO. 

' r youndf</ iaST 

The Oldest and Largest Manufacturers 
of Castor Oil in the United States 
120 BROADWAY - - - NEW YORK 


Specially Refined 
tor the Lubrication of 
AERONAUTICAL MOTORS 



Are you building 
a hangar? 


TOHNS-MANVILLE Corrugated 
J Asbestos Roofing, used for the 
roofs and side walls of hangars, 
gives weather-proof protection of 
splendid durability because it is im- 
mune to the corrosive action of sea- 
air, smoke or acid fumes — and it 
never needs painting for its asbestos 
surface is amply able to resist any 
climate. 

Write for information about Johns- 
Manville Corrugated Asbestos Roof- 
ing — you will probably find it 
peculiarly suited to your needs. 


H. W. JOHNS- MANVILLE CO., New York City 



FREDERICK W. BARKER 



REGISTERED PATENT ATTORNEY 

Aeronautical Society op America 


2 RECTOR STREET NEW YORK • • 

prom 1915 to 1919 


Telephone 4174 Rector Over 30 Year a in Practice 

SPECIALTY-. Patent Claims That Protect 


THE QUALITY GOES IN BEFORE THE NAME GOES ON— 

Hamilton Propellers 

HAMILTON AERO MANUFACTURING COMPANY, MILWAUKEE, WISCONSIN 
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PIONEER RUNNING LIGHTS 


FOR WINGS ANQ 
TAIL -- STRONG 
LIGHT WEIGHT • LOW 
HEAD RESISTANCE 
INEXPENSIVE — 

WRITE FOR INFORMATION 

PIONEER INSTRUMENT COMPANY 

246 GREENWICH ST. NEW YORK CITY 





LEARN TO FLY 


AMERICAN ACES 


Army Training Planes Used. 
We Build Our Machines. 



The Doehler Engineering and Manufactur- 
ing Organization is exceptionally able to 
produce n superior product in any quantity. 


DOEHLER'S STAFF OF EXPERTS 


Aeronautical Engineering and Airplane Design 


By LIEUTENANT ALEXANDER KLEIUIN 



Price. Postpaid, in the United States. $5.00 Net 


The Gardner, Moffat Company, in&. Publishers 

22 East 17th Street, New York City 


May 16, 1920 
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Grand Rapids Vapor Kilns 

are used by these aircraft concerns with absolute 
satisfaction. 



specialty ot ° kiln design P and are prepared to furnish and 
install all equipment and instruments. 

GRAND RAPIDS VENEER WORKS 
Grand Rapids, Michigan Seattle, Washington 



Flottorp Manufacturing Co. 

AIRCRAFT PROPELLERS 

Established 1913 



213 Lyon St., Grand Rapids, Michigan 


Contractors to United States Government 


Warwick NON-TEAR Aero-Cloth 
A SAFE CLOTH for FLYING 


For Particulars Apply to 

WELLINGTON SEARS & CO. 

66 Worth Street, New York 


TYPE L-6 

AIRPLANE ENGINES 

Hall-Scott Motor Car Company 

West Berkeley, California 


AIRPLANE INSURANCE 

FOR THE 

Manufacturer — Flyer 

Fire — Collision — Damage to Property of Others 
Legal Liability — Life — Personal Accident 
Conservative Rates — Beat Companiee 
PHONE— WRITE— WIRE 

HARRY M. SIMON 

Insurance Expert 

81-83 Fulton St. New York, N. Y. 




A. J. MEYER MANUFACTURING CO. 

819 John Street West Hoboken, N. J. 
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Navy Sale of Seaplanes 

PLANES ARE NEW— NEVER HAVE BEEN FLOWN 

wmmm sn 

hi mmrnsf* 
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5 PER CENT OF PURCHASE PRICE— BUYS A PLANE 
ENGINES AND SPARE PARTS 
Order From This Announcement and Avoid Disappointment 


UNITED STATES NAVY 


;ton, d . c . 
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May 15, 1920 


In the next issue of 

Aviation and Aeronautical Engineering 

an official announcement will be made of consumma- 
tion of plans for establishing an 

Aerial Transport 
Service 

which, it is hoped, will eventually serve all of 

the important cities on the North American Continent. 

The plans for this service have been developing for 
months and will vitally influence Civil, Commercial 
and Military Aviation throughout the world. 

These plans are worthy of the confidence and sup- 
port of all classes of Citizens, City, County, State and 
National Officials. 

The quality of the personnel is a guarantee that the 
enterprise will be directed by men qualified by pre- 
vious experience to manage successfully any undertak- 
ing they are identified with. 
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ECONOMY 

Passenger carrying aeroplanes are being used by two hundred companies 
throughout the United States and a large majority of the passengers car- 
ried are first flighters. Most of the machines now being used accommodate 
one passenger and pilot. 

You can add to the interest of the trips of those first flighters by enabling 
them to go up two at a time, increase your revenue 200 per cent and 
decrease your running expenses 1 00 per cent. 

The Farman Tourabout offers this doubly Valuable feature to passenger 
carrying companies. u -"' 

Additional to these economical features is the fact that it can land and “take 
off” from a much smaller field than practically any other type of three 
place machine, and safety is one of its outstanding characteristics. 



The FARMAN three-passenger '' Tour about" 


FARMAN 

. Represented in America by 

W. WALLACE KELLETT 

1 WEST 34th ST. NEW YORK CITY 



United States Rubber Company 


I N determining the speed of 
the winds and the route of 
hidden air currents, UNITED 

States Pilot Balloons and 

the theodolite have set a standard 
for accuracy. 


“Over There” - UNITED STATES 
Pilot Balloons displayed un- 
disputed merit by faithfully 
spreading American propaganda 
behind the enemy lines. 


Today — these rugged rubber mes- 
sengers are playing a vital role in 
reliable weather forecasts and air 
tests for flying. 


